Heat-inactivated horse serum inhibited penicillin-induced L-form colony formation in Staphylococcus aureus when included in an osmotically stabilized culture medium. Most, perhaps all, L-form colonies that appeared with low frequencies on the serum-supplemented medium were of the penicillin-independent, stable type. This relationship must be taken into account when use of serum is considered for L-form cultivation.
A bacterium which can divide and proliferate in spite of the loss of cell wall is called an L-form. Such a wall-less state may be induced spontaneously or through the action of an appropriate agent, such as an antibiotic interfering with the synthesis of cell wall peptidoglycan (2) . Some L-forms can be propagated indefinitely as wall-less cells in the absence of an inducing agent and are thus called stable L-forms. The rest, referred to as unstable L-forms, keep the wall-less state only in the presence of an inducing agent and quickly revert to ordinary bacteria when freed of it. Both types of wall-defective cells, as a rule, require some kind of osmotic stabilizer for viability and form typical fried-egg-shaped colonies (hereafter referred to as L-form colonies) on an agar medium supplemented with a stabilizer (and an antibiotic in the case of unstable L-forms).
It has been the generally accepted practice to include heatinactivated horse serum in culture media for L-forms, with the intention of enhancing their growth (2) . However, there is evidence to indicate that this common notion must be reexamined. A report on the adverse effect of animal sera on L-forms of various bacteria, including Staphylococcus aureus (6) , was made in 1968, but to our knowledge it has since been totally ignored. Without knowing of this previous work, we recently noticed a similar phenomenon with S. aureus 209P and its derivative and have further shown that the inhibitory effect is reversible and associated with a high-density lipoprotein fraction of the serum (5) . Clearly, the serum can be detrimental to L-forms in some situations. Here we describe our attempt to define the conditions that direct the response to serum of staphylococcal L-forms. The results obtained indicate that serum resistance is an attribute of stable L-forms and that penicillin-induced unstable L-forms are sensitive to the serum inhibition.
The serum sensitivity of penicillin-induced L-forms was not limited to strain 209P ( supplemented with 10% (vol/vol) horse serum (Handai-Biken, Suita, Japan) previously heat inactivated at 56°C for 30 min. Strain KD101 was a variant of 209P isolated by chance in this laboratory from among ethylmethane sulfonate-mutagenized cells and has an efficiency of forming L-form colonies about 100 times higher than that of the parent, apparently because of an unidentified mutation(s). This variant was also subject to similar serum-mediated growth inhibition, but probably as a result of the greater efficiency of L-form colony formation, it gave a small number of colonies on the serum-supplemented medium. On an ampicillin-salt-BHI agar plate containing a concentration gradient of horse serum, the serum-mediated inhibition was apparent in terms of the density of L-form colonies ( Fig. 1) . Incidentally, such inhibition was not specific for the serum used: not only several other horse serum preparations but also a bovine serum preparation gave similar results (data not shown).
We examined L-form colonies randomly picked from ampicillin-salt-BHI agar plates (serum free) and found that they reverted to ordinary bacteria, as judged by colony morphology, when transferred to BHI agar containing the osmotic stabilizer but without the antibiotic. Thus, they should be regarded as unstable. To see if the above-mentioned serum-mediated growth inhibition is related to the unstableness of ampicillininduced L-forms, we carried out two types of experiments. In one type, we isolated serum-resistant L-form derivatives from both KD101 and 209P by plating cells on ampicillin-salt-BHI agar containing 10% horse serum (Table 2 ). In the case of KD101, such derivatives were obtained without prior mutagenesis (Table 1 ). We performed 10 separate trials using independent cultures originating from different coccus-type colonies formed on BHI agar and obtained 6 to 10 serum-resistant isolates from each trial. This assured us that our observations were made on at least 10 independent events. In the case of 209P, such derivatives could not be obtained without mutagenesis (Table 1) . We therefore treated cells with ethylmethane sulfonate (8) and successfully isolated serum-resistant L-forms in two independent trials. All of the serum-resistant L-forms thus isolated were of the stable type, i.e., able to maintain the L-form state, without frequent reversion to the coccus form, throughout serial transfers on ampicillin-free BHI agar supplemented only with the osmotic stabilizer ( Table 2) . It was also noted that not all serum-resistant L-forms were serum dependent for their growth.
In the other type of experiment, we tried to isolate stable a Colonies on ampicillin-salt-BHI agar supplemented with 10% horse serum were purified by two successive cycles of single-colony isolation on the same kind of plate. Each cycle consisted of transfer of a colony with a bamboo skewer, streaking with a bacteriological loop, and incubation at 37°C for 3 days.
b Serum-resistant derivatives that were capable of growing exclusively as L-forms in successive cultures on 3.7% BHI agar supplemented with 0.86 M NaCl and 10% horse serum but not with ampicillin.
cThe serum-resistant derivatives were further tested for the presence or absence of growth on ampicillin-salt-BHI agar not supplemented with serum.
microscopy revealed little visible matter on the outer surface of the cell membrane, not only in the stable L-form derivative (serum resistant) of KD101 but also in the unstable L-form (serum sensitive) of KD101 (Fig. 2) . Second, lysostaphin (Sigma, St. Louis, Mo.), used in an attempt to solubilize remaining peptidoglycan, did not change the situation. Thus, the serum sensitivity of KD101 was not affected at all by inclusion of lysostaphin in ampicillin-salt-BHI agar at 25 U/ml. At any rate, it is anticipated that identification of mutations responsible for the serum resistance (and the stableness of the L-form state) may ultimately settle the problem and clarify the underlying mechanism. It 2 days, and blocks bearing colonies were cut out. They were fixed by the freeze-substitution method with methanol-ethanol (1:9) containing 1% osmium tetroxide as a substitution-fixation solvent and embedded in epoxy resin as described previously (9) . Thin sections were cut, stained with uranyl acetate and lead citrate, and examined with a JEM 100C electron microscope. The serum sensitivity of certain L-forms reported herein appears to be in conflict, at least superficially, with the commonly accepted notion. However, a careful survey of the literature indicates that the present results have no real incompatibility with previous work, at least with S. aureus. As a rule, the initial isolation of L-forms has been carried out on serumsupplemented agar media, and the resulting L-forms have been found to be of the stable type (3, 4, 7) . In no case has comparison been made between results obtained with serum-free and serum-supplemented media at the stage of initial isolation.
Is the serum sensitivity of L-forms limited to S. aureus? The answer to this question is probably no. Inhibitory effect of serum on wall-less forms of Enterococcus faecalis and Streptococcus pyogenes has previously been reported (6) , and preliminary work in this laboratory with our experimental system confirmed the effect on the former species.
In conclusion, we propose that the following should be kept in mind when one deals with L-forms, at least those of S. aureus. The common practice of including serum in culture media for L-form growth seems useful as a method for selecting some, if not all, classes of stable L-forms. More important, the practice is certainly inappropriate when handling unstable L-forms: it will eliminate most or all of such temporary wall-less forms.
